The model is based on the metabolizable energy (ME) system, first devised for UK conditions (ARC 1980) but subsequently expanded upon in Feeding standards for Australian Livestock (SCA, 1990) . Elements of both publications are used in the model. The model iterates on a weekly time step, calculating feed intake, productive performance and methane output over the lifetime of the animal. The primary driver for the model is diet quality (expressed as energy digestibility) which influences both dry matter intake (DMI) and efficiency of diet utilization for maintenance and production.
Estimating pasture quality
Pasture energy digestibility changes over the year according to a polynomial relationship ( Figure 1 ) derived from published data (Ash and McIvor, 1988) 
The year starts at the beginning of the wet season, which for the purposes of modelling is the 1 st November. Digestibility of pasture is calculated over the year based on either of two seasonal patterns. For one pattern, digestibility declines quickly as the dry season advances; for the other, digestibility declines more slowly. For either of these patterns, a family of digestibility relationships with time can be generated which describes the change from high pasture quality in the wet season, to low quality 
Estimating energy requirements of cattle
The gross energy (GE) of the diet is calculated using the equation:
where GED is the gross energy digestibility expressed as a percentage. Digestible energy (DE) is simply:
where GED is calculated for a given week post-November 1 st according to Figure 1.
Metabolizable energy (ME) is given as:
Metabolizability (q) is then calculated for a diet as ME/GE.
Maintenance and activity
Energy requirements of cattle are calculated from the combined energy requirements for maintenance (fasting metabolism, activity and eating), growth, lactation and pregnancy. Fasting metabolism (F) is given in ARC (1980) as: The sum of equations 4, 5 and 6 comprise NE for maintenance. ME for maintenance is used with an efficiency (k m ) which is dependent upon q:
Similarly, efficiencies of utilization are also used for growth (k f ) and lactation (k l ): 
Net energy for maintenance, activity and weight change is the sum of equations 4, 5, 6
and 10.
For cattle the dietary ME intake (MEI) is a function of the ME content of the diet (MJ/kg DM) and the diet dry matter intake (DMI):
For a given MEI intake a certain level of production (gain, pregnancy or lactation) can be attained once the requirements for maintenance have been accounted
for.
-5 -For growing cattle, the ME required for maintenance and production can be estimated according to the general relationship in ARC ( (14) where E is the net energy of maintenance and production and k is the efficiency of utilization of ME. The model uses a variant of this relationship to account for differential efficiencies of utilization for maintenance and production and the effect of plane of nutrition:
where E m is the sum of fasting metabolism and activity,
where E f is the net energy of gain, C4 = 1.15 for bulls and castrates and 1.10 for heifers, and then:
Lactation and pregnancy
Net energy content of milk is based on a prediction of milk yield and composition over an entire lactation for Bos indicus x Bos taurus (Hunter and Magner, 1988) as shown in Figure 2 . Selecting between 1 and 3 the user can input a specific milk energy content curve with peak milk production varying between 5 and 7 kg/d. ME requirement for milk production is given by ME (MJ/kg) = NE milk x k l
where kl is defined in equation 10. (21) where x is days from conception. Efficiency of utilization of ME for concepta is assumed to be 0.133.
Total ME requirement for lactating cattle is the sum of requirements for maintenance, activity, growth, lactation and pregnancy. For both the growing and reproductive animal, weight change is dependent upon the ME available from the diet after accounting for maintenance, and in the case of reproductive cattle, lactation and pregnancy.
Estimating dr matter intake
Potential pasture intake can be calculated using three options. In the first the ARC 
where MLW is mature LW.
Finally, in accordance with data for tropical diets (D.B. Coates, pers. comm.)
the option exists to select DMI as 0.8 of the SCA estimate of DMI.
Having estimated potential DMI, actual DMI is calculated as a proportion of potential DMI according to the pasture DM yield. As yield declines, so too does the ability of the animal to reach its potential DMI based solely on forage quality. A range of relationships, depending upon pasture type, can be selected (Figure 3 ). These 
Supplementation
The model simultaneously estimates performance and methane emissions without or with supplementation. Essentially, a minimum rate of LW gain can be entered on the inputs screen. If pasture cannot meet the ME requirements for this level of LW gain, the model calculates the amount of supplement required. A substitution effect is included which is positive (i.e. the supplement has a positive effect on pasture intake) below a digestibility of 50%, and negative above 50% digestibility (i.e. the supplement has a negative effect on pasture intake). The relationship is described by the equation:
Substitution rate (kg/kg) = -2.32 -2.25/(1 -0.038GED) (24)
Estimating methane emissions
There are few data available for enteric emissions of methane from tropical forages. 190 191 192 193 194 195 196 197 198 199 Data collected for specialist beef properties for each region are given in Table   2 . The diet digestibility profile (Figure 1 ) was assigned to each bio-region based on annual live LW gain data from a recent industry survey (Bortolussi et al., 2005) . Key modelling inputs used to characterise the representative properties and industry structure for each region are presented in Table 2 . between the NABCEMS and Breedcow models. First, the predicted live weight gains from the animal component of NABCEMS were used to derive animal sale prices by age class (i.e. weaners, steers, heifers and culled cows and bulls) using 5 year average saleyard prices from the MLA National Livestock Reporting Service (Table 3 ). The NABCEMS model calculates net saleyard prices after deducting transport, marketing commission and yarding costs. Second, net animal prices are manually entered into the herd economic model to maximize gross margin for a given marketing option (e.g.
Japan Ox). The corresponding steady state herd outputs (i.e. animal age class cohorts)
are then used as inputs in NABCEMS to calculate property LW gain and methane -9 -emissions. Regional level statistics were also generated based on the total number of properties within each region. 
